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Abstract 
 This project consisted of performing a study on vernal pools, in conjunction with the 
students of the Environmental Technology program at Worcester Technical High School, to 
provide suggestions towards improving wetland conditions.  The progress provided a learning 
experience to the students, and also detailed the data that are typically collected as part of the 
process of certifying a vernal pool.  The information is helpful to the school since it shows that 
they have upheld their promise in maintaining a monitoring program of the pools.  It also 
introduces the students to tools that can be used to assist or expand their learning of 
environmental technology. 
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1. Introduction 
 Ecosystems in the world today are continually changing respectively in response to 
pollution, global warming, and other external factors. Throughout time, some ecosystems have 
adapted to their surrounding environments.  However, there are those that are threatened by 
physical harm, which can often leave to permanent, irreversible damage. 
 It is becoming increasingly noticeable how humans can impact the environment with their 
actions.  Research has shown that greenhouse gases have heated the earth and the increase in 
temperature can have devastating effects on the environment. There are many deaths blamed as a 
result of the destruction of ecosystems like Polar bears. Not only are the Polar bears the first 
species to become endangered due to global warming,
1
 they also represent what can happen to a 
species when ecosystems are attacked. 
 One type of ecosystem that is being directly affected by human actions is a vernal pool.  
Vernal pools are defined as seasonal depressional wetlands that occur, mainly under the 
Mediterranean climate conditions of the West Coast.
2
  However, they are also miniature 
ecosystems that can exist in environments with climatic change.  Whether they are present in the 
West Coast, or in the East, vernal pools are important ecosystems that are home to many a 
diverse list of plant and animal species, many of them native to that area.  As more vernal pools 
are threatened and often destroyed due to human construction, the endemic species in these 
locations are becoming endangered.  Some of these plant and animal species can live nowhere 
else, and face the possibility of extinction.
3
 
 Often times, it is to make room for new buildings and facilities to be built that that these 
                                                          
1 (Wildlife Library 2010) 
2 (EPA: Wetlands 2008) 
3 (Sacramento Valley CNPS 2009) 
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vernal pools are destroyed.  In California, where vernal pools are most prominent in the United 
States, the Merced campus of the University of California was built on the largest remaining 
vernal pool habitat in the state.
4
  Whereas the Merced campus was once feared to approximately 
decimate the ecosystems, including vernal pools, within the 10,000-acre construction site, it has 
been since been protected due to conservation laws and regulations passed.    
 Another school that has been built whose construction has impacted vernal pools is 
Worcester Technical High School.  Worcester Technical High School is a vocational school, 
located adjacent to the city‟s green hill park in Worcester, Massachusetts, and near wetlands and 
a vernal pool.  The school was opened in 2006 after years of construction and deliberations, 
including considerations to controlling the negative environmental impacts on the surrounding 
area.
5
  In order to come up with a solution that appeased all concerned groups, the school has 
promised to uphold regulations and maintain a monitoring program that strives to improve the 
condition of the neighboring wetlands.  Worcester Tech has adapted policies to assist in the 
protection of these ecosystems and the inhabiting species. 
 The objective of this project is to incorporate the data collection and certification process 
wanted by the school into an educational experience.   By monitoring wildlife, and vegetation 
within the Green Hill Park and vernal pool areas at the school, it is hoped that the project will 
assist the sponsors in providing necessary steps with regards to regulatory conditions, and laws 
that need to be followed.  Also, a concurrent goal is to integrate this experience with the 
Worcester Technical Environmental Technology program and their learning of vernal pools. 
                                                          
4 (CNPS 2000) 
5 (WTSH Project: Problem Statement) 
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2. Background  
 The background contains historical and current information of the sites encompassing the 
vernal pools and Worcester Technical High School. The vernal pools status, rules, and the 
involvement of the Environmental Technology program at Worcester Tech are discussed. 
Additionally, groups like ENSR, the Green Hill Park Coalition, and the National Heritage and 
Endangered Species Program are explained. Detailed methods for vernal pool certification, as 
well as the data collection of the Environmental Technology students are covered. The research 
that was conducted to provide the background included information on loss of ecosystems, 
effects of artificial or manmade vernal pools, and GPS/GIS coordinate tracking devices. 
 
2.1 Ecosystems / Endangerment 
 The term “endangered species” means any species, which is in danger of extinction 
throughout all or a significant portion of its population other than insects, which are considered 
pests instead.
6
  An ecosystem is a community of all the species populations that occupy a given 
area, like plants, animals, and all the organisms in between and its nonliving environment.  
Today, ecosystems are greatly affected by human interference or destruction.  Most often, they 
are destroyed to use the land for construction of buildings and roadways. Tropical forests are the 
most widely appreciated, endangered ecosystems and have the highest rate of species extinction 
in the twenty first century.  
 
                                                          
6 (FWS. Endangered Species Act of 1973. 1999) 
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2.2 Vernal Pools 
2.2.1 History 
 Although temporary pools or ponds are found in many places in the world, there are 
conflicting reports as to where the term originated.  In the United States, it is often believed that 
vernal pools were first discovered in California, where there are still many prominent vernal 
pools in the region.  
 A vernal pool is a shallow depression that typically contains water for only part of the year.  
These pools range in size from a few square feet to several acres.  They also vary in appearance, 
time of filling, and source of water.  Although most pools dry out for much of the year, some 
vernal pools remain wet year-round.  In different parts of the world where there are temporary 
wetlands, their characteristics vary and reflect the climate conditions in that area.  Vernal pools 
provide important habitat for many species of wildlife, including salamanders, frogs, and turtles; 
they do not support fish.  Without these pools many species will no longer exist, as they must 
return to the vernal pool to breed. These obligate plants and animals are what make vernal pools 
unique i.e. some salamanders may travel as far as one mile to reach their vernal pools.  Vernal 
pools are important resources for other wildlife by providing water for drinking.  Native 
Americans were thought to have utilized vernal pools in several ways to hunt birds using netted 
traps, as well as to harvest vegetables
7
.  They also serve as wildlife corridors for amphibians and 
reptiles, allowing them to move to other wetlands; they are considered an important natural 
resource.  
 Vernal pools range in size and can vary from small to large.  A typical pool may be 30 by 
100 feet long and 3 feet in depth. Their size depends on the environments that they are found in.  
                                                          
7 (CWIS 2002) 
 9 
Some of the places that they might form are forest areas, in the floodplain of a body of water, 
within a vegetated wetland, in an open field, and between natural rock formations and other 
places that water may be retained.  
 
2.2.2 Types of Vernal Pools 
 Vernal pools outside California are generally small, un-vegetated depressions. They occur 
in the mid-western and eastern United States.  Most of the time, they are covered by shallow 
water for variable periods from winter to spring, but may be completely dry for most of the 
summer and fall. These wetlands range in size from small puddles to shallow lakes and are 
usually found regions of grassland.  Beneath vernal pools usually lie a formation of bedrocks and 
clay in the soil that helps keep water in the pool. 
 Climatic changes associated with each season cause dramatic changes in the appearance of 
vernal pools, thus the difference ecosystems ensue. The pools collect water during winter and 
spring rains, changing in volume in response to varying weather patterns. During a single season, 
pools may fill and dry several times.  
 10 
 
Figure 1: A Vernal Pool in California (California Chaparral 2009) 
 
In years of drought, some pools may not fill at all depending on the area.  More than 90% of 
California's vernal pools have already been lost.
8
  
 The name is derived from the source of water for many of these pools.  Although snowmelt 
and spring rains often fill vernal pools by the spring, the word “vernal” comes from the Latin 
world „vernus‟ meaning spring, but they can also regain the water by other means. Not all pools 
are filled by spring snowmelt, however; often they are dry by late summer.  Many in New 
England fill in the fall from precipitation and the rising groundwater table.  Snow and spring 
rains just add more water to these pools.  Some pools contain water for a number of years and are 
semi-permanent, yet dry, or almost dry as the water level fluctuates.  Regardless of water source 
or water level, they are all still considered vernal pools.   
 Whereas the California vernal pools occur in the west coast, eastern vernal pools are very 
                                                          
8 (EPA: Wetlands 2008) 
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different than their sister sites.   
 
Figure 2: A Vernal Pool in Massachusetts (USDA Forest 2004) 
 
The mid-western and eastern vernal pools are especially important for amphibians.  A second 
type of landscape formation with vernal pools are ancient volcanic mudflows, where rapid 
weathering of volcanic materials have formed dense clay soils and bedrock restricting layers near 
the soil surface, but these are rarely discussed.
9
     
 
2.3 Certifications and Guidelines 
 Because of the ongoing threat of endangerment and possible extinction of the aggregate 
species living in these vernal pools, there is a need to protect these ecosystems.  There are 
protection laws that can be applied to these areas to stop their destruction.  These environmental 
laws and policies require agencies and landowners to consider the effects of a proposed action on 
                                                          
9 (CWIS 2002) 
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the environment, determine if a less damaging alternative is available, obtain and comply with 
necessary wetland permits, and comply with endangered species laws (for vernal pools that 
support endangered species). There may have to be licenses that will be required if anyone wants 
to change the area.  Federal, state, and local laws and policies regulate certain activities in 
wetlands, including vernal pools, and may prohibit activities that could harm or harass threatened 
or endangered wildlife species or migratory waterfowl. Therefore there would be a higher power 
over seeing the well-being and best interest of the land.  For example, in California, the 
California Environmental Quality Act, a state law, requires public agencies to consider the 
effects of proposed actions on biological resources. Environmental laws and policies that pertain 
to vernal pools in California include: 
 The federal Clean Water Act (US Army Corps of Engineers, Environmental Protection 
Agency), Endangered Species Act (US Fish and Wildlife Service), and Migratory Bird 
Treaty Act (US Fish and Wildlife Service); 
 Wetland provisions of the Food Security Act (Natural Resources Conservation Service); 
 The state Endangered Species Act and California Fish and Game Code (California Department 
of Fish and Game), California Environmental Quality Act (County Planning Departments); 
and 
 County General Plan Policies and Habitat Conservation Plan Policies.10 
 In Massachusetts, vernal pools are protected through several regulations, the most 
prominent among these being the Wetlands Protection Act Regulations.  Other regulations, 
which include vernal pool protection, are the Surface Water Quality Standards, Title V of the 
Massachusetts Environmental Code, and the Forest Cutting Practices Act Regulations.  Many of 
                                                          
10 (CERES 2002) 
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these regulations require that the pool be “certified” by the Natural Heritage and Endangered 
Species Program (NHESP).  Certification is a documentation process where evidence of the 
presence of a vernal pool is collected and submitted as evidence as well as the location maps to 
the NHESP.  The NHESP reviews the submission and subsequently may certify the pool.  
However, certification only establishes that a vernal pool exists.  The protection that is afforded 
to the pools comes from the application of the various regulations during permit reviews. 
Originally defined and protected under the Massachusetts Wetlands Protection Act regulations, 
certified Vernal Pools now also receive protection under Title 5 of the Massachusetts 
Environmental Code, Section 401 of the Federal Clean Water Act, the Massachusetts Surface 
Water Quality Standards that relate to Section 401, and the Massachusetts Forest Cutting 
Practices Act.
11
  These regulations help to eliminate direct impacts to certified vernal pools and 
to minimize indirect impacts.  
 
2.4 ArcGIS 
 Many vernal pools are small and temporary, thus are not featured on many maps.  To find 
and/or track these pools, it is a good idea to have a system that can be utilized.  Using different 
tools like USGS maps may lead to a discovery of a vernal pool that was not recorded or one that 
has disappeared. Other types of maps that can be of assistance are topographic maps, where the 
topography and feature of areas are shown in great detail and GIS.  GIS stands for geographic 
information system. GIS is a way to capture, store, analyze, manage, and present data that has a 
way to be linked to a specified location. ArcGIS is a computer program that uses GIS data maps 
in different given layers. Layers can be placed on top of each other to achieve the look of any 
                                                          
11 (Natural Heritage 2009) 
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given map. These maps can be made for anything from street maps, to river maps, to topography 
maps, to contour maps, or anything that one can find in data layer form that they want to make a 
map of.  There are maps of the specified area at proposed vernal pool sites online at the MassGIS 
website.  Varieties of these maps are available for use online, and comprise of the maps 
recommended and produced by the Natural Heritage Endangered Species Program of the MA 
Department of Fisheries and Wildlife. 
 
2.5 City of Worcester 
2.5.1 History 
 The city of Worcester is the second largest city in New England, after Boston.  Known as 
the “heart of the commonwealth” because of its location in Central Massachusetts, the city of 
Worcester has a population of just over 182,000 and consists of 7 high schools.
12
  Worcester is 
currently constructing a new North High School expected to open for the 2011-2012 year and 
costing $73 million dollars.  This, however, is after the completion of the new $94 million dollar 
Worcester Technical High School that opened in 2006. 
 
2.5.2 Green Hill Park 
 There is approximately 1250 acres of land that comprise of Worcester parks, including 
Green Hill Park.
13
  The best-known historic park in Worcester is Elm Park, which was purchased 
in 1854 and is recognized as one of the first purchases of land for a public park in the US.   
                                                          
12 (CI: Public Schools 2010) 
13 (CI: City Parks 2010) 
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However, Green Hill Park is Worcester's largest municipal park with over 480 acres and housing 
a number of activities and facilities.  
 
Figure 3: Map of Green Hill Park and its Accompanying Neighborhood 
 
Green Hill Park is located at the top of one of Worcester's seven main hills on the south by Route 
9 (Belmont Street) and to the east by Skyline Drive where Worcester Technical High School 
resides.  Some of the facilitates included a toboggan run beginning at Crown Hill, an eighteen 
hole golf course and clubhouse, a community zoo, boating and swimming on Green Hill Pond.  
Also, there are two ponds, a zoo, picnic grove, playground, little league field, golf course, and 
handball courts.  Located directly across from the park is the Worcester Parks, Recreation and 
Cemetery administrative office.  The park has been owned and managed by the city for seventy-
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four years after it bought it from Andrew Green, whose family had owned the land for several 
generations.  Throughout the seventy-four years since the city bought the parcel of land, it has 
gone through several changes.  The biggest change was the conversion to a recreational park in 
1976 (while severing ties from other surrounding areas like the Holland Recreation Area).  As a 
result, several swimming pools were destroyed and the area was designated a neighborhood park.  
Today, efforts are being made to keep the park intact as much as possible.  To enforce these rules 
the Green Hill Park coalition was formed to preside over matters containing the land in the park, 
and its neighboring areas. 
 
2.6 Worcester Technical High School Background 
 In addition to being a high school, Worcester Technical High School, or Worcester Tech, is 
also four- year vocational school.  Worcester Tech opened in 2006 replacing the old vocational 
high school and relocated to the newly constructed facilities at Skyline Drive.  It was designed 
and built to serve as a resource to the academic and business communities in Central 
Massachusetts, and as a regional economic engine for adult classes. The academic program of 
the school is set up to educate and prepare students both academically and technically. It is 
currently organized into four academies, with twenty-four specific disciplines intended to 
educate students in state of the art technologies and skills needed to succeed in the modern 
workplace.  The school is divided into four sub-schools, each with six vocations.   There is an 
assistant principal and guidance councilor assigned to each sub-school.  The students are divided 
into two groups: one focuses on trades one week while the other works on academics and then 
the two groups switch the next week.  This ensures that each student gets a good balance of 
academic and trade work.  The schedule takes holidays and other days off into account to be sure 
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that one group does not get more of one session than the other.  To attend Worcester Tech, the 
enrollment process is similar to that of any vocational school where students are required to 
apply in advance in order to attend (as opposed to the other public schools where all students are 
accepted into their district).  Once accepted, students apply for a trade or major, which they study 
for in-depth.  
 The campus is located at Skyline Drive, in the middle of Green Hill Park.  In 1997, after a 
School Committee vote, the city hired the architectural firm of Lamoureux-Pagano & Associates, 
who spent several months reviewing reports and making sketches of the proposed area.  During 
construction, there were a number of problems including the environmental ramifications to 
Green Hill Park and the surrounding areas.  In an effort to appease environmental interest 
groups, the architects strived to avoid destroying several nearby vernal pools for the layout of the 
building.  Additional concerns were voiced about traffic on Skyline Drive and at its intersection 
with the busy Belmont Street and the people that already lived in the neighborhood.  The city‟s 
and Parks, Recreation, and Cemetery Department established an agreement whereby solely the 
Worcester Tech students would use the athletic fields during the first year, after which other city 
and youth groups would be permitted access.  In addition to the environmental issues, the biggest 
obstacles to completing the school involved funding.  But after much deliberation, the school 
was completed and opened in 2006 with costs totaling $94 million dollars. 
 
2.6.1 Environmental Technology Program 
 Environmental Technology is a relatively new trade at Worcester Technical High School, 
not present at the older vocation school. Environmental Technology applies the principles of 
mathematics, science, engineering, communications, and economics to ensure human health and 
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safety, and to manage and protect natural resources.  The goal of the program is to train students 
to be an environmental technician and have a role in ensuring public health and safety through 
the management and protection of natural resources.  These environmental technicians‟ works 
included a small water operator, a pesticide applicator, a GIS technician, or solar energy 
technicians are some of the occupations available to people in this field.  Additionally, most 
technicians will pursue more training and education to adapt in their specified fields.  The 
program provides students with a variety of problem solving experiences in environmental 
oriented activities.  The trade offers opportunities for practical experiences through hands-on 
investigations, service learning, shadowing, internships, and cooperative learning.  Students 
acquire knowledge, values, attitudes, and skills needed to protect and improve the environment.  
In addition to their core high school courses, the students in the Environment Technology 
program further explore courses like Earth & Natural Science, Environmental Science, and 
Natural Resource Management to name a few. 
 Students at Worcester Technical High School alternate weeks in Environmental 
Technology shop with academic classes.  Students in Environmental Technology at Worcester 
Technical High School will spend approximately 2,000 hours over the course of 4 years studying 
environmental topics and participating in projects related to the environment.
14
  The program is 
intended to be hands-on/experiential learning. To be most relevant, whenever possible, projects 
are real world activities in which students‟ work will benefit the community. This is constantly 
changing as opportunities present themselves. Some examples are Greenhill farm- Field Station 
for environmental research, vernal pools monitoring, Blackstone River Watershed protection, 
                                                          
14 (WTHS: About 2008) 
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and Urban Energy.
15
  Russell Anderson, instructor and head of the Environmental Tech 
department at the school, teaches the program. Together, he and his students work on different 
projects at various sites around the city and at Greenhill Park.  They typically explore vernal 
pools at the beginning of April or when the weather permits so. 
 
2.7 Worcester Tech Data Collection 
2.7.1 Annual Report 
 Every year since the school relocated to Skyline Drive, the Environmental Technology 
has compiled an annual report that lists the data of environmental data surrounding, and 
encompassing the vernal pools.  This report serves the purpose of acknowledging that the school 
is monitoring the area, as well as allowing the students to participate in the data collection.  
Assisting in the compilation of the report is Jim Gass of ENSR International, who has regularly 
accompanied the students and oversees the area.  ENSR, a subset of AECOM Technology 
Corporation, is headquartered in Westford, MA and is a national environmental consultant 
agency specializing in wetland practices.  As part of the negotiations when the school was built, 
Mr. Gass visited area to provide guidance for new regulatory initiatives and requirements.  He 
would work with the appointed faculty member, this being Mr. Anderson, to ensure that the 
school upheld its promise to monitor the vernal pools around the school and submit its 
observations of the land in its annual report. 
 
See Appendix A. 
 
                                                          
15 (Environmental Science 2009) 
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3. Methodology 
 This section details the process of how to complete the major tasks for this project to attain 
the project goal.  The major tasks for this project include: 
 Literature Review and Topic Development 
 Monitoring and Assessment of Vernal Pools 
 Selection of Vernal Pools 
 Curriculum and Classroom Lesson Development 
While detailing the steps to verify, and eventually certify a potential vernal pool, the section also 
details how to integrate the experience with a class of students so that they will learn from the 
project through a classroom presentation.  The data the students were collecting are organized to 
meet the specifications of the certification guidelines.  Compiling a set of data containing 
information on what needs to be present for certifications helps the students better learn what 
vernal pools are and how they represent miniature ecosystems.  They learn the importance of 
preservation while getting experience as to write a report and use the associated equipments to 
collect the data and map the locations. 
 
3.1 Literature Review and Topic Development 
 Vernal pools are a good topic to focus on because the school is surrounded by Green Hill 
Park where there are many potential sites.  To ensure that the goal can be accomplished, the 
areas had to be assessed as to whether they would meet the criterias and qualify as a potential 
site.  Data has already been collected throughout the year, but solely for sending it out in an 
annual report.  Whereas the certification process had to be done with many more specifications 
that are imposed and information needed.  The research started by using books and articles on 
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what vernal pools are as well as the effects that its loss can have.  During this research period, 
Mr. Anderson‟s class also had to be observed to determine what the scope of the project could be 
as well as what the students did or did not already know about the equipment and software used, 
like GIS and the accompanying mapping software.  
 
3.2 Monitoring and Assessment of Vernal Pools 
 To gather data related to the vernal pools, there were several devices researched and used 
to relay the information.  Tracking the location of the vernal pools to verify the accuracy against 
maps provided by MassGIS, the Garmin eTrex Venture HC was utilized.  The eTrex Venture HC 
is a portable, high-sensored GPS device, popularly used for geocaching and trekking through 
heavy terrain that can be configured with GIS.  Professor Mathisen personally provided the 
yellow, handheld unit.  Also used to gather data was kit provided by the WPI Civil and 
Environmental Engineering department.  The kit consisted of a microprocessor-based 
photometer, titled the V-2000, as well as the accompanying agents used to determine the 
property levels of the water.  A photometer is an instrument for measuring light intensity or 
optical properties of solutions or surfaces.  Following a specially designed engine, known as 
CHEMetrics, the sample solutions are mixed with respective activator solutions and then tested 
in a vacuvial to measure silicon dioxide, oxygen, nitrate and phosphorous levels.  
 There were also several devices used by Mr. Gass to collect the information provided in his 
data sheet, as well as compiled in the annual report.  The miniTroll, Model SSP-100, was a 
device used to measuring temperature and pressure (water level, or depth) within the pools.  The 
system composed of a steel cylinder body, attached to a submersible deployment cable that was 
placed in the water.  Then, the sensors would capture the information and could directly relay it 
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via software when connected to a computer system.   
 Additionally a Trimble Pro, a DGPS, was considered among the devices used to collect the 
data, but was subsequently replaced with the eTrex Venture HC due to a difference in size and 
portability when trekking through the area.  What distinguishes a DGPS (where D stands for 
differential), against a typical GPS device is that the device accesses different sources of data.  
DGPS is a method of improving the accuracy of the receiver by adding a local reference station 
to augment the information available from the satellites.  It requires that a GPS receiver, known 
as the base station, be set up on a precisely known location.  The base station receiver calculates 
its position based on satellite signals and compares this location to the known location. 
 
3.3 Selection of Vernal Pools  
 At the area encapsulating the school, there are several bodies of water.  These include 
reservoirs, runoffs, ponds, streams, and vernal pools.  The vernal pools lay within the school 
grounds, but also directly outside the perimeter in Green Hill Park.  There are four distinct 
locations throughout that will be focused in the report.   
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Figure 4: Aerial View of the Neighborhood with the Blue Dots Indicating the Sites 
 
The site areas are labeled Vernal Pool A/B, Vernal Pool C, Vernal Pool D, and the Skyline Drive 
Pool.  For the purpose of the report, all four-site locations will be considered vernal pools unless 
proven otherwise.  Vernal Pools A/B and C are located directly outside of Mr. Anderson‟s 
classroom by the parking lot.  Although Vernal Pool A/B consists of two basins, the water 
overflows from A into B when there is a high level of water so will be grouped as one site.  
Vernal Pool C is situated parallel to Vernal Pool A/B by the building also, next to the automotive 
driveway.  The other two sites, Vernal Pool D (in woods north of school) and the Skyline Drive 
Pool (near the National Guard Armory), are adjacent to the school by Green Hill Park facing the 
entrance.  Pool C is the only pool where water is manually pumped.  It was earlier believed by 
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the school that that pools C, D and the Skyline Pool were certified, but they do not appear as 
certified on the MassGIS website.  The attached map does show certified pools a few hundred 
feet east of C & D and south of Skyline.  An explanation could be that the coordinates were 
submitted incorrectly. Mr. Anderson and his class have been primarily monitoring Vernal Pool 
A/B to compile their data in an annual report that the school sends out.  However, they have yet 
to certify, verify, or done more with this information. 
 
3.4 Curriculum and Classroom Lesson Development 
 To relay the information gathered throughout the course of the Interactive Qualifying 
Report, a PowerPoint presentation was created consisting of data assembled when visiting the 
vernal pools as well as an introduction to GIS, and its different interfaces and implementations.  
With the current layout of the environmental technology department that there is only one person 
to teach all four grade levels, there is not enough time to cover all the points on the curriculum.  
Grade levels are taught different lessons in time, so it is hard to settle on a single topic that is 
listed as a learning objective on the curriculum, while devoting enough time to make sure that 
the students can understand the lesson.  The focus of the presentation was to provide the students 
with an understanding of the process involved with vernal pool certification, GIS, and some of 
the science associated with vernal pools.  The students had started regularly collecting data from 
the pools, but not everyone knew the background information surrounding general vernal pools 
or the sites that they were gathering from.  Not only would the presentation serve as an overview 
of the IQP, but also would expose the students to applications of the software and devices used 
while relating it to their studies.  As learning to utilize real world applications of environmental 
technology was an important part of the curriculum, the students would also be introduced to the 
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equipment used to track the information, as well as how they can incorporate all these layers 
together to build maps or graphical representations of their data.  Topics discussed during the 
presentation included ArcGIS, the difference between GPS vs. GIS, topographic maps, Vernal 
pools (consisting of background, species, types), environmental protection laws, and the specific 
site information to name a few. 
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4. The Results 
 This chapter includes the raw data collected and compiled to complete the assessment of 
the pools, create the lesson plan and presentation, and develop the maps of the site.  Many people 
were consulted including The Massachusetts Division of Fisheries and Wildlife for their advice 
on how to certify the vernal pools.  A variety of books, research articles, and the building plans 
for the school, including blue prints were also ascertained to conduct the background of the 
topics presented and the history of the area.  The literature review is prefaced in Chapter 2. 
 
4.1 Monitoring and Assessment of Vernal Pools 
 The location of the four vernal pools (coordinates), tracked with the high-sensored GPS 
device is presented in the following table. 
Table 1: Coordinates of Vernal Pools 
Site Area Latitude Longitude 
Vernal Pool A/B 42.278103 -71.776991 
Vernal Pool C 42.278234 -71.776876 
Vernal Pool D 42.279758 -71.775157 
Skyline Drive Pool 42.281119 -71.776595 
 
Once the coordinates of the pools were found, they were checked against the pools listed on the 
MassGIS website to verify whether they were indeed certified or not.  When viewed with the 
latest layers (released January 2010) titled “NHESP Certified Vernal Pools” and “Potential 
Vernal Pools,” shown in Figure 5, it is shown that all but one of the vernal pools is listed as 
certified.
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  Figure 5: MassGIS map of NHESP Certified, and Potential Vernal Pools (January 2010) 
The only site that is listed as a potential vernal pool and thereby not certified is Vernal Pool C.   
 Organisms in the vernal pool did not appear until the end of March or mid-April.  Even 
then, the species observed were sparse.  There were tadpoles found in all the vernal pools, but 
there was no median among the times they appeared.  As varying weather patterns presided over 
the area, there were inconsistencies among the development of the ecosystems as compared to 
previous years.  The aggregate temperature was colder last year, and the fact that it yielded 
below average rainfall during the same observational time, March through April, may have 
affected the timing of the species.  Among the obligate species that were observed in the vernal 
pools were the following:  Backswimmers were predominantly found in the Skyline Drive pool 
as well as appearing Vernal Pool C also; Wood frog larvae were growing in Vernal Pools A/B, 
C, and D; Bull frogs were in the Vernal Pool A/B, but not C; And finally, fairy shrimps were 
only found in Vernal Pool D at the end of April.  The water levels, and temperature of the pools 
were not measured, however, because Mr. Gass and Mr. Anderson‟s class were already doing 
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that task on a regular basis (daily, or whenever weather permitting). 
 Applying the phosphate activator solution with the photometer, the phosphorous levels in 
the vernal pools was also measured to introduce a new data type that served as an introduction 
for the students into the effects of chemicals levels in the water.  The phosphorous levels, as 
measured in parts per million (mg/Liter) were .032 in Vernal Pool A/B, .029 in Vernal Pool C, 
.018 in Vernal Pool D, and .021 in the Skyline Drive Pool.  
 
4.2 Selection of Vernal Pools  
 Using the location-tracking tool by ArcGIS, it was determined that all the vernal pools 
appeared accurately on the map (applying the coordinates) so there was no more question about 
whether they were recorded in error.  What had been surprising was that the vernal pools 
assumed to not be certified were listed to the contrary.  Therefore, the Massachusetts Division of 
Fisheries & Wildlife (Mass Wildlife) was contacted to verify the validity of the claims listed on 
the map.  The resulting check by Mass Wildlife, as well as by Mr. Gass, led to the findings that 
all four sites had been officially certified.  When overlaid with an aerial layer, the map of vernal 
pools with the corrected labels is shown in Figure 6. 
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Figure 6: Revised Map with Updated Certified Vernal Pools  
 
4.3 Curriculum and Classroom Lesson Development 
 To convey the information and engage students, a classroom presentation was developed.  
This presentation made use of PowerPoint software.  The PowerPoint presentation contained a 
standard informational lecture, while also consisting of questions that was used to engage the 
students.  Specific slides titled “QUIZ GAME” to draw on information and topics that the 
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students have covered, are working on, or will work on in the future.  The following images are 
some snapshots of the PowerPoint presentation file, along with the accompanying notes and 
basis behind each section.  Major topics that are covered in the presentation include the 
introduction/goal, GIS, layers in GIS and topographical maps, vernal pools, endangered species, 
protection laws, Worcester Tech and vernal pools, and equipment.  Throughout the presentation, 
there are interjections of interesting facts, questions, and quiz games added to increase student 
interest.  The complete presentation file can be seen in its entirety in Appendix B. 
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The first section served as an introductory overview of what the project represents, as well as the 
objectives and project goal.  The discussion involved making sure the students understood what 
an IQP is. 
 
 
What is an IQP? 
   -An Interactive Qualifying Project (IQP) at WPI is a project, which deals with the 
relationship between technology and society.  
  -The goals of the Plan are to promote learning by doing through project work, maximize 
student choice in designing their own educational programs. 
 -Projects topics usually chosen outside major to knowledge of breadth, chance to go 
abroad and study off campus. 
Figure 7: Introduction Slide and Associated Discussion Notes 
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The second section introduces GIS, the software ArcGIS and its features.  Students have not yet 
been formally taught what GIS is and how it can be used.  Although there is GIS software 
equipped on the school computers in their classroom, they have yet to utilize it.  Topics 
discussed during this section include how GIS differs from GPS. 
 
 
What does GPS stand for? 
 Global Positioning System 
 
Difference between GPS and GIS?  
GIS (Geographic Information Systems) is tool to display and analyze information 
geographically. GPS (Global Positioning Systems) is a technology that uses satellites to give one 
its position on the Earth with the aid of a GPS device or unit. GPS can be incorporated into GIS 
by using a GPS device to collect points, lines, or polygons, which can be imported into a GIS 
application for future analysis and interpretation.  
 
Source of maps can also be found using Google 
Figure 8: ArcGIS Slide and Associated Discussion Notes 
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After giving an overview of GIS, the next section demonstrates the use of layers.  Multiple layers 
are placed on the screen to form an outline of the school area, Green Hill Park, and the 
surrounding vernal pools.  The data from the maps list the potential and certified vernal pools as 
of January 2010.  The maps are displayed using the free data viewer (OLIVER) that can be 
obtained online at the MassGIS website. 
 
Figure 9: Data Viewer Slide 
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Topographic and aerial maps are discussed next.  The maps are defined, and then used to show 
the view of the school.  The discussion involved making sure the students understood what 
topographical maps are, and how to read them. 
 
 
What is a topographic map? 
A topographic map is a type of map characterized by large-scale detail and quantitative 
representation of relief, usually using contour lines in modern mapping; a topographic map 
shows both natural and man-made features. 
 
 Topographic maps are based on topographical surveys. Performed at large scales, these 
surveys are called topographical in the old sense of topography, showing a variety of elevations 
and landforms. 
 
 Contour lines are curved or straight lines on a map describing the intersection of a real or 
hypothetical surface with one or more horizontal planes. 
Figure 10: Topographic Map Slide and Associated Discussion Notes 
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The first QUIZ GAME slide includes questions assessing students on the information in previous 
slides, as well as provides discussion as to what geocaching is. 
 
 
What is geocaching? 
Geocaching is an outdoor activity in which the participants use a GPS receiver or other 
navigational techniques to hide and seek containers (called "caches") anywhere in the world. A 
typical cache is a small waterproof container containing a logbook. Larger containers can also 
contain items for trading, usually toys or trinkets of little value. Geocaching is most often 
described as a "game of high-tech hide and seek," sharing many aspects with treasure hunting. 
 
Would you find cities listed on a topographical map?  What about canals? 
YES and YES 
Man-made features refer to things such as cities, towns, railroads, canals, dams, bridges and 
parks. On a topographic map, these man-made features are usually shown with symbols, which 
can be identified using a map key or with knowledge of typical symbols used on topographical 
maps.  
Figure 11: QUIZ GAME #1 Slide and Associated Discussion Notes 
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Although students have been collecting data from the pools regularly, not all the students have 
been taught beyond the general definitions of what vernal pools are.  Specifically, the notes 
provide discussion that vernal pools are found in different climates all over the world, the origin, 
and also the obligate species versus organisms associated with the area. 
 
 
What is a vernal pool? 
A vernal pool is a shallow depression that typically contains water for only part of the year.  
 
How vernal pools got their names? 
The name is derived from the source of water for many of these pools. The word “vernal” comes 
from the Latin world „vernus‟ meaning spring.  Spring melts the snow that fill these pools, or the 
climate changes leads to increased rain and elevated levels of water. 
 
Many vernal pools are small and temporary, thus are not featured on many maps.  To find and/or 
track these pools, it is a good idea to have a system that can be utilized.  Using different tools 
like USGS maps may lead to a discovery of a vernal pool that was not recorded or one that has 
disappeared. Other types of maps that can be of assistance are topographic maps, where the 
topography and feature of areas are shown in great detail and GIS.  
Figure 12: Vernal Pools Slide and Associated Discussion Notes 
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Integrating with the topic of vernal pools, an overview of types of ecosystem and endangered 
species are defined and discussed next. 
 
 
What is an endangered species? 
Any species, which is in danger of extinction throughout all or a significant portion of its 
population other than insects, which are considered pests instead.  
 
What is an ecosystem? 
An ecosystem is a community of all the species populations that occupy a given area, like plants, 
animals, and all the organisms in between and its nonliving environment.   
PIC:  Coral reefs are an example of a marine ecosystem 
 
What type of ecosystem is considered the most endangered? 
Tropical forests are the most widely appreciated, endangered ecosystems and have the highest 
rate of species extinction in the twenty first century.   (FWS. Endangered Species Act of 1973. 
1999) 
 
Interesting Fact  
More than 90% of California's vernal pools have already been lost.   (EPA: Wetlands 2008) 
Figure 13: Endangered Species Slide and Associated Discussion Notes 
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After introducing the threat that impact endangered species and their ecosystems, the next 
section focuses on the topic of protection laws that shield these habitats from harm.  Examples of 
laws that protect vernal pools and its surrounding ecosystems are given. 
 
 
 
There are protection laws that can be applied to these areas to stop their destruction.  These 
environmental laws and policies require agencies and landowners to consider the effects of a 
proposed action on the environment, determine if a less damaging alternative is available, obtain 
and comply with necessary wetland permits, and comply with endangered species laws (for 
vernal pools that support endangered species).  
 
The Wetlands Protection Act Regulations is the most prominent law that protects vernal pools.  
Other regulations that include vernal pool protection are the Surface Water Quality Standards, 
Title V of the Massachusetts Environmental Code, and the Forest Cutting Practices Act  
Figure 14: Protection Laws Slide and Associated Discussion Notes 
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The second QUIZ GAME slide assesses students on information in the previous slides, as well as 
focuses on an organization that they worked with in the past.  Also included is a question that 
forces them to think what they have learned thus far in order to answer it. 
 
 
What does NHESP stand for? 
Natural Heritage and Endangered Species Program (NHESP) 
 
What are the names of some laws that protect vernal pools in MA? (MULTIPLE 
ANSWERS) 
The Wetlands Protection Act Regulations is the most prominent law that protects vernal pools.  
Other regulations that include vernal pool protection are the Surface Water Quality Standards, 
Title V of the Massachusetts Environmental Code, and the Forest Cutting Practices Act 
Regulations. 
 
Would the Sahara Desert be considered an ecosystem? 
Yes, because there are living organisms and vegetation. 
Examples of living organisms are lizards, scorpions, snakes (Sidewinder and Cobra) 
Example of vegetation are- nuts, Acacias. 
Figure 15: QUIZ GAME #2 Slide and Associated Discussion Notes 
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Next, the background of the construction of Worcester Technical High School and its agreement 
to oversee the land with the Green Hill Park Coalition is discussed.  The discussion relates the 
construction of the school to that of another campus which faced the same environmental 
dilemmas  
 
 
In an effort to appease environmental interest groups, the architects strived to avoid destroying 
several nearby vernal pools for the layout of the building 
 
INTERSTING FACT 
In California, where vernal pools are most prominent in the United States, the Merced campus of 
the University of California was built on the largest remaining vernal pool habitat in the state.  
Whereas the Merced campus was once feared to approximately decimate the ecosystems, 
including vernal pools, within the 10,000-acre construction site, it has been since been protected 
due to conservation laws and regulations passed. (CNPS 2000) 
Figure 16: Green Hill Park / Construction of WTHS Slide and Associated Discussion Notes 
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The next section presents the brief results of the data collection during the visits to the vernal 
pools.  Some of the species found are listed, as well as trends in the aggregate temperature and 
weather conditions that could have contributed to the differing results from last year.  Finally, the 
effects of phosphorous levels in the water are discussed as they were measured also. 
 
 
What species is this? (Left) 
Backswimmers found in Skyline Drive pool and some at Pool C 
What species is this? (Right) 
Wood frog larvae found primarily in Skyline Drive pool 
 
NOTE: Phosphates are not toxic to people or animals unless they are present in very high levels. 
Digestive problems could occur from extremely high levels of phosphate. 
 
What causes fluctuating phosphorous levels? 
Rainfall can cause varying amounts of phosphates to wash from farm soils into nearby 
waterways. 
Figure 17: Data Findings Slide and Associated Discussion Notes 
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Rounding out the presentation is a section that introduces several of the devices used to collect 
the data.  The specific equipments are shown, and the notes define what type of ways they can be 
utilized. 
 
 
What is a photometer? 
A photometer is an instrument for measuring light intensity or optical properties of solutions or 
surfaces.   The V-2000 is microprocessor-based photometer that can also be used to measure any 
type of cuvette or vial, designed for photometric analysis. 
Follows a CHEMetrics engine (Silicon dioxide, oxygen, nitrate and phosphorous). 
 
The eTrex Venture HC is a portable, high sensored GPS device that can be configured with 
GIS.  Popularly used for geocaching, and trekking through heavy terrain.  
 
What is DGPS? 
The DGPS requires that a GPS receiver, known as the base station, be set up on a precisely 
known location. The base station receiver calculates its position based on satellite signals and 
compares this location to the known location. The difference is that the device accesses different 
sources of data, and therefore has accuracy levels vary also. 
Figure 18: Equipments Slide and Associated Discussion Notes 
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5. Conclusion 
 The goal of this project was to perform an assessment review of vernal pools adjacent to 
Worcester Tech, and also incorporate the relevant experiences into an educational process for the 
high school students.  Throughout the lesson planning and meetings with Mr. Anderson, there 
was discussion of the curriculum and the topics that had not yet been covered due to time 
constraints.  During the preparation for the certification guidelines, background history was 
compiled on the nature of vernal pools, the history with the construction of Worcester Technical 
High School surrounding green Hill Park, and on Geographical Information Systems (GIS).  
These points, along with an overview of topics that the students had not yet learned including 
different types of maps, ecosystems, and equipments were focused on during the lesson.  
Additionally, the proposed site information had to be gathered from each pool as outlined in the 
annual report.  While the united objective of trying to certify the selected vernal pool changed 
upon discovery that all the pools within the area had already attained certifications, the stages of 
the project remained intact.  When it was revealed that all the vernal pools selected had already 
been certified, the focus of the project to review the vernal pools did not change.  
 What the certification process originally represented was a capstone of all the data 
collected and lessons the students had learned.  The certification process of vernal pools in 
Massachusetts is done by having citizens submit the required documents.  Because the students 
had regularly been visiting the pools and writing down their observations, with the combined 
resources of the data collection from Mr. Gass, most of the information needed for submission 
had already been gathered.  The final component that is required for submission in a certification 
packet, along with the evidence of obligate species in the pool and the observation form, is a map 
of the area with the proposed vernal pools located.    
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 The students were shown how use GIS to create different maps based on their 
specifications.  They were introduced to GIS, the ArcGIS software suite and several maps as 
examples with different layers of representation.  There were geographical inaccuracies listed 
among the maps provided by MassGIS that had to be corrected, missing pieces of information 
within the database that comprised the annual report, as well as a way to relate the information of 
the data that the students were arbitrarily collecting to their studies.  Before the lesson, the 
students had not yet been exposed to GIS, nor had taken advantage of the software that they had 
installed on their school computers.  The goal in teaching the students these skills is so they can 
utilize the maps to convey what they have been learning by pinpointing each location they had 
visited or as a concurrent tool to assist with their data collecting. 
 Based on the results of the site assessments, it is fair to say that the school is adequately 
monitoring the vernal pools.  Additionally, they are still able to provide an ecosystem for the 
obligate species that habituate these areas.  While the students had been gathering data on their 
visits to the vernal pools, they were not yet been familiar with GPS/GIS and how they can use 
those tools to plot their findings on a map.  The addition of GIS is an important tool that has 
many uses in the field of environmental studies.   
 As the students move forward, it was important that they received a greater understanding 
of the sites that they were visiting as well as how they can apply their data collecting to convey 
what they had learned.  These tools can be applied in the future also.  As a result of creating the 
lesson plan and visiting the sites regularly, it can be concluded that vernal pools are an important 
topic to include into the high school curriculum, especially for environmental studies, where 
many lessons can be taught from knowledge of their ecosystems.  From observations during the 
presentation, it can be deduced that the inclusion of motivational tools, such as quizzes, 
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interesting facts, and others ways to engage the students will increase their participation during 
the class and, hopefully, help them retain the knowledge of what they learned.   
 What was accomplished during this project included the review/assessment of the pools, 
and the development of the PowerPoint presentation to help incorporate materials into the 
education program at Worcester Technical High School.  Through the help of Mr. Gass as well 
as the guidance of Mr. Anderson and his class, the vernal pools appear to be in good condition, 
and so too will the collaboration between the committees as the evaluations continue in the 
future.  It is evident that the Environment Technology department is using the area around the 
school to its advantage and, should the monitoring of the vernal pools be upheld, it will continue 
to play a large role in educating the students. 
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6. Appendices 
6.1 Appendix A: Annual Report  
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6.2 Appendix B: PowerPoint Presentation 
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6.3 Appendix C: Problem Statement  
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